ABSTRACT. The 15.4 Ma rhyolitic ignimbrites are the first volcanic products from Gutâi Mts. The study of their sedimentary structures reflects the mechanisms involved in the transport and emplacement of the parental flows, essential to inffering the style of eruption and the source evolution and location.
Introduction
Gutâi Mts. belong to the northern segment of the Romanian Eastern Carpathians inner volcanic arc. At the regional scale, they are incorporated by the Neogene volcanic arc of the Carpathians, edified as a consequence of complex subduction processes developed during Miocene in the Carpatho-Pannonian Region (Seghedi et al, 1998) .
The dynamics of the tectonic processes is reflected by the wide range of petrotypes identified in Gutâi Mts. The sequence of eruptive pulses and quiescence periods developed between 15.4 -7.0 Ma (Pecskay et al, 1995) , simultaneously with sedimentation in adiacent basins.
Volcanic activity started 15.4 Ma ago with magmatic explosions involving an acidic, rhyolitic magma. The ignimbrites overlain the Paleogene sedimentary deposits, covering an area of 20 km length and 10 km width, on the south-western part of the mountains. Large outcrops and tens of boreholes control ignimbrites spreading and thickness which decreases from W to E, from 350 m to 30 m (Fulop, 2000) (Fig. 1) . The study of the ignimbrites shows their rhyolitic composition and the lapilli grainsize. The geometry and the thickness distribution are valuable features useful in order to locate the source. This paper is focused on the sedimentary structures of the ignimbrites. They show the types of mechanisms involved in the transport and emplacement of parental flows. Flow rheology, volatiles and temperature regime, inffered from sedimentary structures, are steps in reconstructing source evolution. 
Primary sedimentary structures
Ignimbrites form stratified deposits, a thick unit composed of multiple, thinner units. They form a thinning and fining upwards sequence, showing the normal coarse-tail grading of the dense, lithic clasts. Each thin unit develops a massive structure and a weak reverse coarse-tail grading of the pumice clasts. The sequence of units corresponds to emplacement by progressive aggradation processes (Branney and Kokelaar, 1992) (Fig. 2; Fig. 3 ; Plate 1, photo 1).
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Massive structure, as dominant structural feature, is typical for mass flow deposits. Conceptual models regarding the ignimbrites flow rheology express two rheological extremes: the dense, laminar flow model (Freundt and Bursik, in Freundt and Rosi, 1998) and the dilute, turbulent flow model (Fisher et al, 1993) . They are combined in the model of suspension currents, turbulent flows undergoing density stratification close to the source; the dense basal part emplaces the ignimbrite and the turbulent dilute upper part emplaces the overlain co-ignimbrite ash layer. The behaviour of suspension currents emphasized two regimes, based on the capacity of entraining air: the subcritical and respectively, the supercritical flow regimes (Bursik and Woods, 1996; Druitt, in Gilbert and Sparks, 1998; Freundt and Bursik, in Freundt and Rosi, 1998) . Primary sedimentary structures suggest laminar dense flows or turbulent dilute flows in subcritical regime. This is in accordance with the weak fluidization grading. The sequence of units emplaced by progressive aggradation records the rapid succession of flow units, successive pulses from a steady, maintained pyroclastic current (Druitt, in Gilbert and Sparks, 1998) .
Secondary sedimentary structures
The secondary sedimentary structures are represented by: welding lineation or eutaxitic texture, microscopical cooling textures, cooling columnar jointings and gas-escape structures.
The eutaxitic texture is represented by the horizontal, subparallel alignement of the flattened pumice clasts called fiame (Plate 2, photo 1; Plate 3, microphotos 1, 2). The flattening ratios, calculated for a large number of samples (Fulop, in press ), indicate the widespread character of "densely welded ignimbrites", according to Petersen in Smith (1980) , or "high grade ignimbrites", according to Freundt (1998) . Welding assesses the hot state deposition. It corresponds to a post emplacement load compaction under an overburden pressure, developed at high temperature. The almost uniform welding, distributed on the whole thickness, suggests the emplacement of a single cooling unit. The high intensity of welding suggests the volatiles-retention regime and the low degree of fluidization of parental flows; it is accepted at maximum 20 km away from the source, a distal unwelded facies being expected further (Freundt, 1998) . The high temperature domain is preserved within 20 km, but local variations are supposed to exist due to variations of the cooling rate (when alluvial clasts are incorporated or small amounts of air are entrained at the upper part of the flow).
Welding has major implications in flow rheology. The gas-retention regime involving low fluidization is compatible with dilute flows in subcritical regime. The dense, laminar flow model is excluded because it would restrict deposits to an area very close to the source, due to aggregation welding (Freundt, 1998) . The supposed eruption temperature may be calculated admitting that it represents 1.3 minimum temperature of welding (Freundt, 1998; 1999) . According to Sparks et al (1978) , the temperature of welding for the rhyolitic ignimbrites is about 600-700 0 C and it corresponds to 800-900 0 C as temperature of eruption. The cooling textures, significant from the point of view of the processes involved during emplacement, are represented by spherulitic textures identified under microscope. Spherulites show axiolitic textures, fans morphologies, pectinate textures and lithophysae (Plate 4, microphotos 1, 2). The mineralogical assemblage cannot be determined under microscope but it seems to be composed of alkali feldspar, tridymite/cristobalite, plagioclase. The textures corresponds to the spherulitic stage of devitrification of the acide, rhyolitic glass (Lofgren, 1971 , in McPhie et al, 1993 McArthur et al, 1998) . A very low cooling rate is supposed, with maintained high temperatures; they are preserved during ignimbrites emplacement, when hot pumice is plastically deformed and involves spherulites nucleation in small vesicles. When spherulites crystalize, volatiles exolve and vesicles are expanding forming lithophysae (McPhie et al, 1993; McArthur et al, 1998) .
Spherulites are concentrated in the middle part of ignimbrite deposits, in the western area of outcropping. They suggest conditions allowing the preservation of high, close to liquidus temperatures. Such conditions are compatible with high eruption temperatures, with minimum heat loss in the eruption column and during the flow and indicate the source proximity.
Cooling columnar jointings have been rarely identified. In outcrop 3, Coroana de Aur, Nistru valley (Fig. 1) , vertical joints separate prismatic units, 1.40 m wide (Plate 1, photo 2). They assess the hot state deposition of a highly cohesive material and are associated with increasing viscosity and contraction during cooling.
Gas-escape structures have been identified in a single outcrop, 4, on Romana Valley (Fig. 1) . They are 25-30 cm long and 1-2 cm wide and form elongate, vertical or inclined structures in the lower part of deposits (Plate 2, photo 2). Gas-escape pipes accumulates crystals, pumice clasts and xenoliths with an average grainsize of 1 cm. Their presence is related to fluidization of already emplaced ignimbrites and the concentration in the lower part of deposits suggests an external source of gas (air entrained by flow, vegetation, water, alluvial sediments incorporated by the flow). The very rare gas-escape pipes are compatible with volatile-retention regime and weak fluidization (Sparks et al, 1999) .
The secondary sedimentary structures reflect ignimbrites emplacement at very high temperatures allowing areal extent of strong welding, low cooling rates subordinately fluctuating and correspond to dilute flows, in subcritical regime (Bursik and Woods, 1996; Freundt, 1998 Freundt, , 1999 . This is in accordance with the model of turbulent, stratified suspension current and the emplacement of the ignimbrites from the dense, basal flow. Welding is limited within 20 km away from the source and it suggests the source location in the area of Gutâi Mts. The high temperature regime is compatible with low eruption columns suggesting the "boiling over" style leading to caldera collapse (Freundt, 1998) .
Conclusions
Flow rheology, mechanisms of emplacement, volatile and temperature regimes are reflected by the primary and secondary structures of the ignimbrites. They are useful in order to reconstruct the style of eruption and the type of source.
The primary sedimentary structures, identified in outcrops, are the massive structure and the grading. Deposits form thinning and fining upwards sequence, each of its unit showing massive structure and weak grading. They suggest mass flow deposits emplaced from the basal, dense layer of a maintained, density stratified suspension current, by progressive aggradation.
The secondary sedimentary structures have been identified in outcrops and by the microscopical study.
The welding lineation or the eutaxitic texture, noticed in outcrops and confirmed by the microscopical study, assesses the hot state deposition and the gas-retention regime of the parental flows. They suggest dilute flows in subcritical regime, preserving the high temperatures during emplacement and post emplacement load compaction. The areal distribution of welding suggests the location of the source within a distance of 20 km. The calculated temperature of eruption is around 800-900 0 C. A low eruption column is suggested, the "boiling over style" and possibly the final caldera collapse.
Microscopical cooling textures such as spherulites and lithophysae are compatible with the high temperature regime, close to liquidus. Their location is very important in assessing the source proximity.
Cooling columnar jointings confirm the high temperatures and the scarse gas-escape pipes are in accordance with the subcritical flow regime, preserving the volatiles and the high temperature.
Ignimbrites record therefore magmatic explosions, low fountain boiling over and steady, maintained suspension pyroclastic current. It moved as a turbulent flow, underwent density stratification and emplaced the ignimbrites from the dense, basal underflow, by proggressive aggradation processes. 
